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Develop a Molecular to Continuum 
methodology to better understand 
and simulate this kind of flows
Non-Isothermal Transport Phenomena
Generalized Fourier’s Law
The Stress-Thermal Rule
Anisotropic Thermal Conduction
Experiments: Forced Rayleigh Scattering (FRS) 
Nieto Simavilla et al. J. Pol. Sci. B 2012 
Experiments: Infrared Thermography (IRT)
Nieto Simavilla et al. Journal of Heat Transfer. 2014
Comparison FRS and IRT
Nieto Simavilla et al. Journal of Heat Transfer. 2014
Key Findings: Universality…
Key Findings: …Beyond Finite Extensibility
Nieto Simavilla et al. J. Pol. Sci. B 2012 
Constitutive Model: eXtended Pom-Pom
• Why XPP?
• Amenable to FEM
• Able to describe non-linear rheology
• X: Avoids finite extensibility discontinuities
• X: Includes second normal stress difference
• What physics are in the model? 
PP: McLeish and Larson. JOR 1998
xPP: Verbeeten et al. JOR 2001
Data: IUPAC_A LDPE melt at 170ºC
Transient Start-up: Uniaxial
The anisotropy in TC is comparable to that observed in PS and PMMA melts ~20%. 
Gupta et al. Journal of Rheology 57, 2013. 
Transient Start-up: Shear Rheology
Transient Start-up: Shear
There is a non-zero off-diagonal 
component in shear flows
𝒌 =
𝑘11 𝑘12 𝑘13
𝑘22 𝑘23
𝑘33
𝒒 = 𝒌 ∙ 𝛁𝑇
Venerus et al. Phys. Rev. Lett. 1999
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Future Work: MTCIATTP project 
A. Implementation of New 
Constitutive Models
• Other polymer architectures: Rolie 
Poly
• Compare predictions with available 
experimental data PS, PMMA... 
C. Implementation of Non-Isothermal 
Flow Simulations (FEM)
B. Develop a deeper understanding 
at the molecular level
• Why universal?
• Why beyond finite extensibility?
Wapperon et al. Fluid Mech. and App. 1995
Conclusions 
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